Electronic Version 
Stylesheet Version vl.1.1 

Description 

PROBE TIP DESIGN APPLIED IN A FLIP 
CHIP PACKAGING PROCESS 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The present invention relates generally to flip-chip pack- 
aging processes, and more particularly, to a flip-chip 
packaging process utilizing an improved probe tip design 
for implementing a probing process. 

[0003] 2. Description of the Prior Art 

[0004] For chip-to-carrier interconnection, IBM uses its Con- 
trolled Collapse Chip Connection (C4) technology, widely 
known as Flip-Chip Attach (FCA). C4 and flip-chip provide 
high I/O density, uniform chip power distribution, supe- 
rior cooling capability, and high reliability. Originally de- 
veloped for use with ceramic carriers in connection with 
the Solid Logic Technology (SLT) introduced by IBM in the 
early 1960s, C4 is a process that uses 97/3% PbSn solder 



balls with diameters ranging from 100 to 125 microns as 
a chip-to-carrier interconnect. An array of these balls or 
bumps are arranged around the surface of a chip, either in 
an area or peripheral configuration. The chip is placed 
face down on a carrier that has been prepared with corre- 
sponding metallized pads that have been flashed with 
gold to prevent corrosion. When heat is applied, the sol- 
der re-flows to the pads. 
[0005] please refer to Fig.l. Fig.l illustrates a conventional flip- 
chip packaging process flow. As shown in Fig.l, typically, 
after finishing the fabrication of semiconductor devices on 
semiconductor wafers (Step 1), the semiconductor wafers 
are thereafter transferred to a subcontractor for bumping 
(Step 2). This bumping process usually takes 5 to 7 days, 
followed by a 2-day electrical probing test (Step 3) that is 
carried out in a testing house. After undergoing the elec- 
trical test, the wafers are then transferred to a package 
house in which microchips are placed face down on a 
substrate such as a printed circuit board that has been 
prepared with corresponding pads. When heat is applied, 
the solder re-flows to the pads and the chips are con- 
nected to substrates (Step 4).This flip-chip packaging 
process takes another 5 to 7 days. 



[0006] However, the above-mentioned flip-chip packaging pro- 
cess flow encounters many problems. One of the prob- 
lems in using the conventional flip-chip packaging pro- 
cess flow is that since the probing test is carried out after 
the bumping process (it needs 5 to 7 days to be finished 
as mentioned), the important yield feedback information 
is delayed for 5 to 7 days. When fabrication processes of 
this batch of wafers went wrong, this yield feedback infor- 
mation will only be known after the bumping process is 
done. Consequently, the risk is high for an IC chip manu- 
facturer. A second problem in utilizing the conventional 
flip-chip packaging process flow is that the yield result 
covers both the fabrication processes of this batch of 
wafers and also the subsequent bumping process. Some- 
times, it is difficult to distinguish the source of the yield 
loss. Further, according to the prior art flip-chip packag- 
ing process flow, it takes 12 to 16 days in total to finish 
flip-chip packaging. As mentioned, the wafers have to be 
transferred from wafer foundry to a subcontractor for 
bumping, then to a testing house for probing test, then to 
package house for chip-substrate connection. Accord- 
ingly, there is a need to provide a new, reliable and sim- 
plified flip-chip packaging process flow for the chipmak- 



ers to solve the above-mentioned problems. 
Summary of Invention 

[0007] The primary objective of the present invention is to pro- 
vide a new flip-chip packaging process flow in which a 
probing test is arranged prior to the bumping process to 
shrink yield feedback time, and to reduce the entire pro- 
cess time for packaging. 

[0008] Another objective of the present invention is to provide a 
novel probe tip design utilized in the probing test within 
the flip-chip packaging process flow. The novel probe tip 
design can effectively control the elevation of a protruding 
probe mark and therefore makes the new flip-chip pack- 
aging process flow of this invention practical. 

[0009] According to the claimed invention, a new flip-chip pack- 
aging process is provided. A chip having thereon at least 
one metal pad surface is first prepared. A probe tip com- 
prising a needle body and a stop cylinder for accommo- 
dating the needle body therein is provided. The needle 
body is electrically connected to the stop cylinder via a re- 
silient conductive material. The needle body of the probe 
tip is laterally moved to scratch a portion of the metal pad 
surface so as to form a protruding probe mark 
thereon.The protruding probe mark is pressed with the 



stop cylinder to a predetermined height. A under bump 
metallurgy (UBM) is then formed over the metal pad sur- 
face. A solder bump is finally formed over the UBM. 
[0010] The present invention provides a novel probe tip suited 
for flip-chip packaging process. The probe tip comprises 
a needle body; and a stop cylinder having a recess for fit- 
tingly accommodating the needle body therein, the needle 
body being electrically connected to the stop cylinder via a 
resilient conductive material. The stop cylinder has an an- 
nual flat bottom surrounding the needle body for pressing 
a protruding probe mark on a metal pad scratched by the 
needle body. 

[0011] other objects, advantages, and novel features of the 

claimed invention will become more clearly and readily 

apparent from the following detailed description when 

taken in conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0012] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings:Fig.l illustrates aeon- 



ventional flip-chip packaging process flow. 

[0013] pig. 2 is a flowchart of flip-chip packaging process accord- 
ing to the present invention. 

[0014] Fig. 3a is an enlarged side view of a prior art probe tip. 

[0015] Fig. 3b is a perspective view of the prior art probe tip 30 of 
Fig. 3a. 

[0016] Fig. 3c is a cross-sectional, schematic diagram illustrating 
a transition state during the probing process utilizing the 
prior art probe tip. 

[0017] Fig. 3d and Fig.3e illustrate the bumping process. 

[0018] Fig. 4a is an enlarged side view of a probe tip in accor- 
dance with the present invention 
[0019] Fig. 4b is a perspective view of the probe tip of Fig. 4a. 

[0020] Fig. 4c is a cross-sectional, schematic diagram illustrating 
a transition state during the probing process utilizing the 
novel probe tip. 

[0021] Fig.4d illustrates the use of the probe tip of this invention 
for controlling the height of protruding probe mark during 
a probing test. 

[0022] Fig.4e and Fig.4f illustrate the bumping process. 

Detailed Description 



[0023] please refer to Fig. 2. Fig. 2 is a flowchart of a novel flip- 
chip packaging process according to the present inven- 
tion. As shown in Fig. 2, after finishing the fabrication of 
semiconductor devices on semiconductor wafers (Step 1), 
the semiconductor wafers are immediately transferred to a 
testing house for an electrical probing test. Alternatively, 
probing of the semiconductor wafers may be done by 
chipmakers themselves. By doing this, when fabrication 
processes of this batch of wafers went wrong, the yield 
feedback information will be known immediately. After 
that, the semiconductor wafers are transferred to a sub- 
contractor for bumping (Step 2). Likewise, this bumping 
process usually takes 5 to 7 days. After bumping, the 
wafers are then transferred to a package house in which 
microchips are placed face down on a substrate such as a 
printed circuit board that has been prepared with corre- 
sponding pads. When heat is applied, the solder re-flows 
to the pads and the chips are connected to sub- 
strates. However, the above-mentioned process flow is 
impractical when utilizing a prior art probe tip during a 
probing process. Now, the problem in utilizing a prior art 
probe tip design during a probing process will be ex- 
plained in detail with reference to Fig. 3a to Fig.3e. 



[0024] First, referring to Fig. 3a to Fig. 3c, where Fig. 3a is an en- 
larged side view of a prior art probe tip 30, Fig. 3b is a 
perspective view of the prior art probe tip 30 of Fig. 3a, 
and Fig. 3c is a cross-sectional, schematic diagram illus- 
trating a transition state during the probing process uti- 
lizing the prior art probe tip 30. As best seen in Fig. 3c, on 
the chip 40 there is deposited an aluminum or copper 
metal pad 32. The metal pad 32 is initially covered by a 
passivation layer 34. An etching process is then imple- 
mented to form a via opening 38 exposing a portion of 
the underlying metal pad 32. The prior art probe tip 30 is 
moved down to touch the metal pad 32 through the via 
opening 38. To prevent the interference of the metal ox- 
ide formed on the surface of the metal pad 32 and to en- 
sure good contact between the probe tip and the metal 
pad, the prior art probe tip 30 begins to laterally move a 
short distance on the surface of the metal pad 32. This 
action results in an uplifted probe mark 36 at a height of 
h. In practice, h ranges from 3 microns to 4 microns, or 
even higher. As indicated in Fig. 3a through Fig. 3c, the 
prior art probe tip cannot control the height h of the pro- 
truding probe mark 36. 

[0025] Fig. 3d and Fig.3e illustrate the following bumping pro- 



cess. As shown in Fig. 3d, an under bump metallurgy 
(UBM) 52 is formed on the surface of the metal pad 32. 
The formation of the UBM 52 is known in the art. Typi- 
cally, the UBM 52 comprises an adhesion layer made of Ti, 
Cr, or Al, a diffusion barrier layer such as Cu, Ni, or TiW 
alloy, and a wetting layer such as Cu, Ni, Au, or Ag, but 
not limited thereto. The thickness of the UBM 52 is about 
1 micron to 2 microns. As specifically indicated in Fig. 3d, 
the protruding probe mark 36 having a height h of 3 mi- 
crons to 4 microns protrudes from the surface of the UBM 
52. Further, at one side of the probe mark 36 in the UBM 
52 a void 54 is formed. The formation of the void 54 re- 
sults in undesirable electromigration. As shown in Fig.3e, 
a solder bump 56 is thereafter formed on the UBM 52. In a 
case that the solder bump 56 is formed by using electrical 
plating, the existence of the protruding probe tip 36 will 
create spike discharge during the plating of the solder 
bump 56, thereby affecting the uniformity of bump array. 
In a worse case, bridging of bump array occurs. Further- 
more, the protruding portion of the probe mark 36 is 
naked, that is, not covered by the UBM 52. Without the 
barrier of the UBM 52, a bump crack phenomenon is ob- 
served due to the diffusion of Sn of the solder bump 56 



and the diffusion of the underlying Al pad. 

[0026] jo solve the above-mentioned problems and to make the 
novel flip-chip packaging process flow of this invention 
practical, a novel probe tip design is proposed. Please re- 
fer to Fig. 4a and Fig. 4b. Fig. 4a is an enlarged side view of 
a probe tip 130 in accordance with the present invention, 
and Fig. 4b is a perspective view of the probe tip 130 of 
Fig. 4a. As shown in Fig. 4a and Fig. 4b, the probe tip 130 
comprises a needle body 131 and a stop cylinder 132. The 
stop cylinder 132 has an opening 133 at the bottom of 
the stop cylinder 132 for accommodating the needle body 
131. The needle body 131 is electrically connected to the 
stop cylinder 132 via flexible conductive glue 134. Ac- 
cording to the preferred embodiment of the present in- 
vention, the diameter of the needle body 131 is about 20 
microns to 30 microns, and the width of the annual region 
(shadow area) 135 at the bottom of the stop cylinder 132 
is about 20 microns, but not limited thereto. 

[0027] please refer to Fig. 4c. Fig. 4c is a cross-sectional, 

schematic diagram illustrating a transition state during 
the probing process utilizing the novel probe tip 130. As 
shown in Fig. 4c, on the chip 240 there is deposited an 
aluminum or copper metal pad 232. Likewise, the metal 



pad 232 is initially covered by a passivation layer 234. An 
etching process is then implemented to form a via open- 
ing 238 exposing a portion of the underlying metal pad 
232. The probe tip 130 is moved down to touch the metal 
pad 232 through the via opening 238. To prevent the in- 
terference of the metal oxide formed on the surface of the 
metal pad 232 and to ensure good contact between the 
probe tip and the metal pad 232, the probe tip 130 begins 
to laterally move a short distance on the surface of the 
metal pad 232. This action results in an uplifted probe 
mark 236, but the height of the probe mark 236 is limited 
by the stop cylinder 132, for example, the height of the 
probe mark 236 is below 3 microns. Thereafter, a pres- 
sure is exerted on the stop cylinder 132 to force the stop 
cylinder 132 to press the probe mark 236 to 1 micron 
height, as shown in Fig.4d. The novel probe tip 130 can 
control the height of the protruding probe mark 236. It is 
noted that, in accordance with the preferred embodiment 
of the present invention, when the needle body 131 re- 
tracts inside the stop cylinder 132, the distal end of the 
needle body 131 still protrudes from the bottom of the 
stop cylinder 132 by about 1 micron. 
[0028] Fig.4e and Fig.4f illustrate the following bumping process. 



As shown in Fig.4e, an under bump metallurgy (UBM) 352 
is formed on the surface of the metal pad 232. The for- 
mation of the UBM 352 is known in the art. Typically, the 
UBM 352 comprises an adhesion layer made of Ti, Cr, or 
Al, a diffusion barrier layer such as Cu, Ni, or TiW alloy, 
and a wetting layer such as Cu, Ni, Au, or Ag, but not lim- 
ited thereto. As mentioned, the thickness of the UBM 352 
is about 1 micron to 2 microns. The pressed probe mark 
36 having a height of below 2 microns will not protrude 
from the surface of the UBM 352. Further, since the probe 
mark is pressed, void is eliminated. As shown in Fig.4f, a 
solder bump 356 is thereafter formed on the UBM 352. 

[0029] jo sum up, the present invention provides a new and reli- 
able flip-chip packaging process flow incorporating with 
an improved probing test process. A novel probe tip de- 
sign is utilized in the probing test process. With the novel 
probe tip design of the present invention, the proposed 
new flip-chip packaging process flow is practical. 

[0030] Those skilled in the art will readily observe that numerous 
modification and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



